The aim of this study was to compare barbell kinematics and muscle patterning in bench press with different loads, but with maximum effort, in young males with resistance training experience. Ten healthy experiences strength-training males (aged 27.3±5.9 years, body mass 82.8±16.6 kg, height 1.78±0.05 m, experience 7.3±4.2 years) performed maximal effort bench presses (1-2 repetitions) with loads varying from 30%, with 10% increments until 100% of 1-RM. Muscle activity of seven muscles and barbell kinematics were measured during descending and ascending phases. Average and peak upwards lifting velocity increased, while lifting time decreases with each decreasing load. In general, the maximal activation of most muscles decreases with decreasing loads, but it was not linear. No effect of loads was shown for the biceps brachii and posterior deltoid muscles. Based upon these findings, it was concluded that maximal lifting velocity may compensate for increased loads, which may allow resistancetrained males who are both healthy or in rehabilitation to avoid heavy loads but experience similar muscle activation. By decreasing the loads, the mechanical stress decreases and time to recover is reduced. Using lower loads with maximal lifting velocity may allow athletes to increase the total volume without increasing the risk of injuries.
INTRODUCTION
Bench press is a popular exercise utilized to elicit muscular adaptations of the upper body such as strength, hypertrophy and power. With variations in load and intensity, lifting kinematics and neuromuscular adaptations will also express differences [13, 14] . Therefore, based on the current goals of a resistance training program, appropriate load selection can be made to accomplish these outcomes. Specifically, heavier loads (> 80% of 1RM) have traditionally been thought to be necessary to use in order to recruit fasttwitch motor units according to the size principle [14, 19] , whereas lighter loads (<60%) were thought to produce adaptations of training speed specificity and enhance mechanical power output [10, 14] . Ballistic movements (muscle contractions at maximum velocities over a short period of time) are typically performed with lower loads and high effort which may lead to a lower recruitment threshold; thus, recruiting high-threshold motor units [20] . This has been investigated in previous studies where peak and average velocity decreases with increasing external load [17, 18] . Additionally, with different stimuli being placed on the body (i.e. different rep ranges, intensities and states of fatigue), variability will be seen in joint and barbell kinematics [4, 21, 25] . However, the literature is scarce when examining neuromuscular activity and kinematics in relationship to different loads while being instructed to lift at maximal intended velocity.
The principle of specificity states that training should be relevant and appropriate to the sport which the individual is training for in order to optimize results. Specifically, in resistance training, developing a consistent and efficient movement pattern is desirable; therefore, it seems pertinent to know how the kinematics of an exercise change with a change in training variables. To maximize efficiency in the bench press, maximal effort should be exerted throughout the concentric portion of the lift to ensure its success and to ensure maximal strength gains [12] . In a multiple repetition set to volitional failure with 75% of 1RM in the bench press, time to complete the concentric portion of the lift more than doubled with a concomitant decrease in the peak and mean concentric velocity [5] . As the subjects progressed from first to last repetition, the lifting kinematics became more like those of the 1RM [5] . This may give insight to the importance of training intensity and the idea that if volume and intensity are equated, rep ranges are not as important. Additionally, this may provide implications for mimicking strength training without utilizing heavier loads which is desirable for certain populations (i.e. injured or elderly). However, it is possible that the subjects did not truly produce maximal effort during each repetition as instructions to do so were not given.
The understanding of both external (kinematics) and internal (bioelectric activity of muscles) characteristics of an exercise provide valuable information about the athlete. Male subjects performed both the eccentric and concentric portion of the lift and concentric only bench press throws using loads of 15%, 30%, 45%, 60%, 75%, 90% and 100% of their previously determined 1RM bench press. Analysis of electromyography (EMG) data indicated that the peak level of activity and the averages over the concentric movement were reduced at lower loads [15] . However, this data in bench throws does not necessarily carry over to traditional bench press; thus, further research is warranted. During examination of EMG activity in the flat bench press, single repetitions were performed with 70, 80, 90 and 100% of 1RM. As load increased, muscle activity varied greatly and in a non-linear fashion in the pectoralis major, anterior deltoid, triceps brachii, and latissimus dorsi [11] . However, subjects were not instructed to complete each lift with maximal intent which could have an influence on muscle activity and velocity.
Therefore, the purpose of this study is to compare muscle activation patterning and barbell kinematics in bench press with different loads in experienced resistance-trained athletes instructed to lift with maximal effort on the concentric portion of the lift. We hypothesize that muscle activity of the measured muscles will increase only after 60% of 1-RM (size-principle) and a linear decreased velocity in both downward and upward phases.
MATERIALS AND METHODS

Subjects
Ten healthy males experienced with resistance training were recruited (aged 27.3±5.9 years, body mass 82.8±16.6 kg, height 1.78±0.05 m, experience 7.3±4.2 years). Inclusion criteria were being able to lift their own body weight (103±16.5 kg) in 1-RM bench press and no injuries or pain that could reduce their maximal performance. None of the participants were competitive powerlifters or weightlifters. The participants did not conduct any resistance training of the legs 72 hours before testing. Each participant was informed of the testing procedures and possible risks, and written consent was obtained prior to the study. The study complied with the current ethical regulations for research and approved by the Norwegian Centre for Research Data, in conformance with the latest revision of the Declaration of Helsinki.
Procedures
The participants were tested in two occasions; in the first occasion to establish their 1-RM and the second occasion to test muscle activity and performance with loads varying from 30% to 100% of 1-RM. At each occasion the participants started with a standardized, progressive, specific warm-up protocol according to van den Tillaar, et al. [21] . After a general warm-up or 5 minutes jogging on a treadmill, the protocol consisted of 15 repetitions at 30%, 10 repetitions at 50%, and 6 repetitions at 80% of the participants' self-reported 6-RM loads in bench press. The bench press was performed in a power rack (Gym 2000, Modum, Norway) with an Olympic barbell (diameter = 2.8 cm, length = 1.92 m). During the test protocol, the head, shoulders and hips were supported by the bench with a ~90° flexion in the knees. Each participant chose an optimal grip and feet position, which were controlled for during the whole test. Two spotters assisted the participants in the preload phase by lifting and stabilizing the barbell until the participant had fully extended arms. The barbell was lowered in a controlled manner, lightly touched the chest and lifted back with maximal effort to the starting position with fully extended elbows. No bouncing of the barbell or to raise the lower back from the bench was allowed. The participants were instructed to use a self-selected tempo in which they had full control over their lifting technique and performed with maximal effort.
At the first occasion after the final warm-up set, the load was increased to approximately 95% of the participants' self-reported 1-RM. The load was then increased by 2.5-5.0 kg until failure. Failure was defined by the following criteria: 1) the participants failed to complete a lift, 2) the participants could not complete the lift with proper technique, or 3) both the participant and the test leader agreed that the participant would not be able to lift 2.5 kg more. The 1-RM was achieved within 2-4 attempts. Each attempt was separated by a pause of 4-5 minutes.
At the second visit after the final warm-up set, the participant starting testing using the different loads. The loads began from 30%, with 10% increments until 100% of 1-RM, which was based on 1-RM achieved by each participant. Importantly, the participants were instructed to accelerate the loads in the entire concentric movement, which resulted in a bench press throw using the lowest loads (i.e. 30%-50% of 1-RM). Two experienced spotters ensured that the barbell did not land back on their body. The different loads were randomized for each participant, with random order determined by a random number generator. Two repetitions per load from 30% to 60% were conducted, while from 70% to 100%, 1 repetition per load was performed. A rest of 3-5 minutes was given between each attempt [7] .
Measurements
Wireless electromyography (EMG) was recorded with a sampling frequency of 1000Hz by using a Musclelab 6000 system and analyzed by Musclelab v10.5.67 software (Ergotest Technology AS, Langesund, Norway). The skin was shaved, abraded, and washed with alcohol before placing the gel-coated self-adhesive electrodes (Dri-Stick Silver circular sEMG Electrodes AE-131, NeuroDyne Medical, USA). The electrodes (11 mm contact diameter and 2 cm center-to-center distance) were placed along the presumed direction of the underlying muscle fiber according to the recommendations by SENIAM [9, 16] . The electrodes were placed on the right side on the muscle belly of the biceps brachii, lateral and long head of triceps brachii, sterncostal and clavicular part of the pectoralis and anterior and posterior deltoid muscles. To minimize noise from the surroundings, the raw EMG signal was amplified and filtered using a preamplifier located close to the sampling point. The EMG signals were converted to root mean square (RMS) EMG signals using a hardware circuit network (frequency response 20-500 kHz, averaging constant 100 ms, total error ± 0.5%). The mean RMS EMG signals of each muscle during the descending and ascending phases of the lift with each load were used for further analysis. The beginning, lowest point and end of each lift were identified by using a linear encoder (ET-Enc-02, Ergotest Technology AS, Langesund, Norway) attached at the inside of the weights to the barbell. The encoder measures the upward phase duration of the barbell with a resolution of 0.075 mm and counts the pulses with 10-ms intervals [2] . Total descending and ascending times and distances were measured. Peak and average velocity of the barbell during the descending and ascending phases were calculated by using a 5-point differential filter with Musclelab v10.73 software (Ergotest Technology AS, Langesund, Norway).
Statistical Analysis
To assess the differences in EMG activity during the upward phase of the different loaded bench presses, a two-way analysis of variance (ANOVA) 2 (descend, ascend phase) x 8 (percentage of 1-RM: 30-100) with repeated measures was used. Furthermore, a one-way ANOVA with repeated measures (percentage of 1-RM) was used to identify barbell kinematics and EMG activity per phase. If significant differences were found, a Holm-Bonferroni post-hoc test was performed. In cases where the sphericity assumption was violated, the Greenhouse-Geisser adjustments of the p-values were reported. The level of significance was set at p ≤ 0.05. When p was between 0.05 and 0.10 it was indicated with a trend [1] . Statistical analysis was performed with SPSS version 24.0 (SPSS Inc, Chicago, IL). Effect size was evaluated with η 2 (Eta squared) where 0.01 < η 2 < 0.06 constitutes a small effect, a medium effect when 0.06 < η 2 < 0.14, and a large effect when η 2 > 0.14 [3] .
RESULTS
The average and peak barbell velocity in both phases changed significantly over lifted loads (F ≥ 4.2, p ≤ 0.047; η 2 ≥ 0.32). Post-hoc comparison showed that average and peak ascending lifting velocity increased with each decrease in lifting load (Figure 1) , while in the descending phase only peak velocity increased from 100 to 60% and for 60 to 30% of 1-RM. The average velocity in descending phase only increased significantly from 100 to 50% and from 60 to 30% of 1-RM ( Fig. 1) . Also, an effect of load was found for descending and ascending lifting time (F ≥ 4.3, p ≤ 0.024; η 2 ≥ 0.33) and lifting distance (F ≥ 5.1, p ≤ 0.018; η 2 ≥ 0.36). Post hoc comparison revealed no significant differences in descending barbell distance and only a significant decrease in descending lifting time from 80% to 50% of 1-RM. In the ascending phase the lifting time increased with every load and the lifting distance from 80 to 50% and with the 40 and 30% of 1-RM.
A significant effect of lifting phase was found for each muscle (F ≥ 9.5, p ≤ 0.013; η 2 ≥ 0.51), with more EMG activity in the ascending than the descending phase, except of the biceps brachii that showed the opposite (Figure 2 ). Load had a significant effect in both phases upon all muscles (F ≥ 3.7, p ≤ 0.026; η 2 ≥ 0.29) except the biceps brachii and posterior deltoid (F ≤ 1.1, p ≥ 0.39; η 2 ≤ 0.11). The post-hoc comparison indicated that with regard to the EMG activity, for the pectoralis, triceps and anterior deltoid muscles, EMG activity decreased from 100 to 90 and/or 80% of 1-RM in both phases. From 80% loads the max EMG activity (ascending phase) did not decrease significantly any more for the clavicular part of the pectoralis major, while for the sternal part it decreased again from 70 to 40% of 1-RM. for The anterior deltoid and lateral head of triceps it decreased their activity from 60 to 30% of 1-RM, while it also decreased between 80 and 60% and 70 and 50% for respectively lateral head and medial head of the triceps (Figure 2 ). 
DISCUSSION
The aim of this study was to compare barbell kinematics and muscle patterning in bench press with different loads, but with maximum effort, in young males with resistance training experience. Average and peak upwards lifting velocity increased, while lifting time decreases with each decreasing load (Figure 1) . In general, the maximal activation of most muscles decreases with decreasing loads, but it was not linear. No effect of loads was shown for the biceps brachii and posterior deltoid muscles.
In support of our hypothesis and by previous studies, as load decreased, average and peak concentric velocity significantly increased and the concentric duration of the lift significantly decreased [17, 18] . This was to be expected due to the laws of Newton (F = m x a) with the acceleration equaling the force divided by the weights lifted. As load increases and maximal force stays relatively the same due to instructions to lift at maximal intended velocity each repetition, acceleration is likely to decrease as load increases. With greater loads, the acceleration was lower in the beginning, resulting in lower velocity and longer upward phase duration, which eventually resulted in the peak velocity appearing earlier in the movement with increasing loads [15, 23] . The shift to an early peak in vertical velocity may be due to an attempt to enter the sticking region with the greatest possible velocity, thereby increasing the likelihood of completing the lift [4] . Furthermore, with heavy load (> 85% 1RM) or fatigue, the sticking region occurred, which causes a longer upward phase duration [11, 24] .
Greater downward distance in the 30% and 40% were the only significant changes in distance. This may be because subjects were instructed to lift at maximal intended velocity which resulted in bench throws with these lower loads. Additionally, since the load was so light, subjects may have not approached the lift with the same mindset as they would have with a heavier load. This may have led to less scapular retraction which could have inevitably increase the distance the bar would need to travel. To support this idea, there was less distance recorded on the downward phase the closer to the 1RM the subjects got which is also supported by Duffey and Challis [4] . As the load gets heavier, there is a greater emphasis on technique primarily to stay safe, but also to be as biomechanically efficient as can be in order to complete the lift.
Increasing muscle activation was observed with increasing loads but was not linear. These results are true for both the eccentric and concentric portions of the exercise. These results agree with [11] where the greater the weight on the barbell, the greater the muscle activity of shoulder muscles was. In addition, at 90 and 100% of 1RM, greatest muscle activity for the lateral head of the triceps was measured. Logically, this makes sense as the more difficult a lift is, the more muscle recruitment is required in order to complete the lift. It is important to note that these EMG values were recorded during non-fatiguing contractions (1 and 2 rep sets in the current study) since fatigue may cause EMG patterns to be altered [6] . Though subjects only completed one repetition, implications can be made based on previous data. For example, the time to lift the bar more than doubled from the first to last rep causing a decrease in both mean and peak velocity [4] . While Duffey and Challis [4] looked at a multiple repetition set, most of the kinematic variables analyzed became more like those of the maximal lift as the subjects progressed through a set to volitional failure with 75%. In the present study, attempts with 90 and 100% were deemed at or near maximal and similar results of kinematics variables were found. This gives insight to the concept that as long as volume and effort are equated, similar muscular adaptations can be seen. Furthermore, an adequate stimulus is required to be placed on the muscle in order for an adaptation to be created highlighting the importance of training at high efforts (i.e. 0-4 reps shy of failure). This does not necessarily have to be with low or higher reps but rather, a combination that will allow for the individual to maintain adherence to their current training program while still eliciting adaptation.
For the pectoralis, triceps, and anterior deltoid muscles, EMG activity decreased from 100 to 90 and/or 80% of 1RM in both phases. From 80% loads, the max EMG activity (concentric phase) did not decrease significantly any more for the clavicular part of the pectoralis major, while for the sternal part it decreased again from 70-40% of 1RM. The difference in EMG activity in the regions of the pectoralis major may be attributed to anatomical differences, grip width, and/or differences in setup on the bench. Additionally, EMG activity of the biceps brachii and posterior deltoid were not influenced by the increases in %1RM. This may be due to the synergistic relationship between these muscles. Specifically, the pectoralis, anterior deltoid and triceps are acting as the mobilizers to complete the movement (hence the increased activity), while the biceps brachii and posterior deltoid are acting as stabilizers leading to little EMG activity. As the weight increases, a greater demand is placed on these mobilizers in order to sufficiently complete the lift which may explain the results. For the antagonist biceps brachii and posterior deltoid, there were no effects of different load on EMG activity. Additionally, muscle activity in these antagonist muscles did not follow any trends with the increases in load. These findings are in contradiction to what was found by van den Tillaar, et al. [22] in the back squat where the antagonist biceps femoris and semitendinosus had higher muscle activation using loads above 70% 1RM as a potential result of cocontraction to stabilize the knee and pelvis. These results were not mimicked in the current study potentially as a result of the total musculature used in the bench press being less than that of the back squat. Since the back squat requires more musculature used, co-contraction may be more important in order to remain technically efficient to produce the most force while not getting injured.
To our knowledge, this is one of the few studies examining muscle activation and bar kinematics with increasing loads in the bench press where the participants were instructed to lift at maximal intended velocity. In comparison, peak level of EMG activity and the averages over the concentric movement were reduced at lower loads examined bar kinematics and muscle activation during bench press throws [15] which agrees with the current study. This may be explained by the idea that when throwing heavier loads, the movement is slower and requires greater force production with a longer duration of activation; thus, a greater proportion of the motor unit pool is recruited with the use of both fast and slow twitch motor units [15] . While the standard bench press is different than a bench throw, the idea of moving the barbell at maximal intended velocity may elicit similar changes in both muscle activation and barbell kinematics. Muscle activation for even the lightest loads were large and may be a result of the high accelerations being produced by a ballistic throw suggesting a much higher overload on the neuromuscular system than from a traditional bench press [15] .This has also been shown to be true for explosive squat jumps performed with relatively light loads [8] ; therefore, may be an explanation for non-linear muscle activation and barbell kinematics across increasing intensities.
The current study is not without limitations. First, we only used resistance trained males making it difficult to extrapolate findings to other populations. Additionally, only the bench press was analyzed; thus, it is not known if the current results would hold true in single-joint exercises or in multiple repetitions sets while being told to move with maximal intended velocity. Furthermore, there is always a risk of cross talk from nearby muscles using surface EMG, which could generate inaccurate measurements. Finally, the study did not include measurements of peak or angle velocity of the shoulder, elbow or wrist, and no analysis was performed on different parts on the concentric phase, which could demonstrate different technique testing with the different loads.
Based upon the findings of the present study, it was concluded that average and peak upwards lifting velocity increased, while lifting time decreases with each decreasing load. In general, the maximal activation of most muscles decreases with decreasing loads, but this was not linear, except not the biceps brachii and posterior deltoid muscles where no effect of loads were shown. This means that maximal lifting velocity may compensate for increased loads, which may allow resistance-trained males who are both healthy or in rehabilitation to avoid heavy loads but experience similar muscle activation. By decreasing the loads, the mechanical stress decreases and time to recover is reduced. Using lower loads with maximal lifting velocity may allow athletes to increase the total volume without increasing the risk of injuries.
